Abstract. Obligate brood parasites must find host nests in which to lay their eggs. The search for a suitable host nest is predicted to be more difficult if the host nest is well-concealed by vegetation (nest-concealment hypothesis) and brood parasitism of better concealed nests should be less common than parasitism of less well-concealed nests. We experimentally tested this hypothesis by placing nest-boxes used by House Wrens (Troglodytes aedon) in woodland sites with sparse and dense canopy cover and measuring the frequency (proportion of nests parasitised), latency (days elapsed since laying of the first host egg and parasitism), and intensity (number of parasite eggs in parasitised nests) of parasitism by Shiny Cowbirds (Molothrus bonariensis). The frequency and intensity of parasitism did not differ between sites with sparse or dense canopy cover, but the latency of parasitism was shorter in sites with sparse cover than in sites with denser cover. Brood parasites that find host nests more quickly have higher reproductive success, whereas House Wrens have higher reproductive success when parasites lay their eggs later during the incubation period, owing to reduced mortality of host nestlings. Because woodland degradation is associated with sparser canopy cover, host species nesting in degraded woodlands may suffer more from parasitism than those nesting in protected woodlands.
Introduction
Obligate avian brood parasites, such as cowbirds (Passeriformes : Icteridae) and cuckoos (Cuculiformes : Cuculidae), lay their eggs in the nests of host species, which subsequently act as foster parents, incubating eggs and then feeding young parasites (Ortega 1998; Rothstein and Robinson 1998; Davies 2000) . Hosts within and between populations are not parasitised with equal probability (Krüger 2007) and some habitat features and nest-site characteristics can influence the probability of parasitism (Øien et al. 1996; Grim 2002; Honza et al. 2002) . Parasites can locate nests by observing the activity of hosts (Wiley 1988; Honza et al. 2002) , but vegetation structure around nests may conceal movements of hosts and therefore influence the probability that brood parasites will find the nest (Sharp and Kus 2006) . Hosts are therefore predicted to build their nests in areas with high levels of concealment by vegetation (or other material) to reduce the probability of detection by brood parasites. Accordingly, the nest-concealment hypothesis predicts that nests with greater vegetative cover have a lower probability of parasitism than those with sparse vegetative cover (Burhans 1997; Clotfelter 1998; Larison et al. 1998; Grieef and Sealy 2000; Moskát and Honza 2000; Saunders et al. 2003) . There is support for this prediction: studies on hosts of Common Cuckoos (Cuculus canorus) and Brown-headed Cowbirds (Molothrus ater) found a negative association between the probability of parasitism and vegetative cover of the host nest (Burhans 1997; Larison et al. 1998; Saunders et al. 2003; Antonov et al. 2007) . However, some studies have found the opposite pattern: some hosts of Brown-headed Cowbirds had a higher incidence of parasitism at better concealed nests (Brittingham and Temple 1996; Grieef and Sealy 2000; Mclaren and Sealy 2003) . Mclaren and Sealy (2003) suggested that one possible explanation for the latter results would be that brood parasites may have selectively adapted to lay in more concealed nests, as these nests are less likely to be discovered by predators.
Few studies have analysed the relationship between habitat characteristics and brood parasitism by Shiny Cowbirds (M. bonariensis). Shiny Cowbirds typically spend morning hours on breeding grounds watching the behaviour of hosts (Hoy and Ottow 1964; Wiley 1988) and use the activity of hosts to find host nests (Wiley 1988) and to parasitise them (Fiorini and Reboreda 2006) . As with parasitism by Brownheaded Cowbirds, studies of Shiny Cowbirds and their hosts have provided mixed support for the nest-concealment hypoth-esis. Svagelj et al. (2009) did not find an association between cover of nests of Brown-and-yellow Marshbirds (Pseudoleistes virescens) and parasitism by Shiny Cowbirds. However, Fiorini et al. (2009a) found that parasitism was higher at better concealed nests of Chalked-browed Mockingbirds (Mimus saturninus), perhaps because female Shiny Cowbirds had a better chance to approach the host nest unnoticed.
The occurrence of parasitism is an approximate indicator of how easy it is for female Shiny Cowbirds to find host nests. Other variables that better indicate detectability of host nests are the latency of parasitism (days elapsed between the laying of the first egg by the host and parasitism) and the intensity of parasitism (number of parasite eggs in parasitised nests). These variables are more appropriate to study the relationship between nest concealment and brood parasitism because the nestconcealment hypothesis predicts that less-well concealed host nests would be found and parasitised earlier and by more Cowbirds than better concealed nests. To our knowledge, no previous study has tested the predicted relationship between concealment of the host nest and latency of brood parasitism.
In this work we experimentally analysed the effect of concealment of House Wren (Troglodytes aedon) nests on the frequency, latency and intensity of parasitism by Shiny Cowbirds. This host is an appropriate model system to test the nest-concealment hypothesis because its nests are frequently parasitised by Shiny Cowbirds (Kattan 1997; Tuero et al. 2007 ) and it uses nest-boxes, which can be experimentally located in sites with different vegetative cover. Based on the nest-concealment hypothesis, we expected higher frequency and, higher intensity of parasitism and shorter latency of parasitism by brood parasites at host nests with lower levels of vegetation concealment.
Materials and methods

Study site
The study was carried out at Reserva El Destino ( 
Study species
At our study site, House Wrens are a common host of Shiny Cowbirds; from previous studies, the overall prevalence of parasitism was 60% and the intensity was 1.7 eggs per parasitised nest (Tuero et al. 2007) . House Wrens had a modal clutch size of five eggs, and 57% of parasitism occurred during the laying period of the Wren (Fiorini et al. 2009b) . Both species breed from early October to mid-January (Tuero et al. 2007 ). House Wrens are cavity nesters and normally use nest boxes to build their nests.
General methodology
We placed 88 nest boxes (height Â width Â depth: 25 Â 17 Â 13 cm) supported in trunks of the trees, at a height of 1.5-1.8 m and at least 20 m apart. The woodland patches of the study have sites with sparse canopy cover (low levels of concealment) and dense canopy cover (high levels of concealment), but there were fewer sites with sparse vegetation cover: 33 nest-boxes were placed in sites with sparse cover and 55 in sites with dense cover. We selected woodland locations where we could place both types of nest box in a spatially mixed pattern, alternating one nest-box in sparse cover with two in denser cover. We estimated cover categories by eye (Clotfelter 1998) , using the estimated percentage of sky concealed by the vegetation in a 5-m radius centred on the nest-box (Fiorini et al. 2009a) . Canopy cover was estimated by the same observer (V. D. Fiorini) for all sites. Mean percentage canopy cover for sparse-cover sites was 62 AE 3% (s.e.) and 98 AE 1% for dense-cover sites (MannWhitney test, U = 36, P < 0.0001, n = 88 nests; Table 1 ). We selected places for nest-boxes at sparse-and dense-cover sites before the beginning of the breeding season (October). At the end of the breeding season (January), we re-estimated canopy cover to ascertain that the sites had the same cover category at the end of the season, and confirmed no difference in our initial nest-cover category.
The entrance hole in nest-boxes was 4.5 cm in diameter, which allowed female Shiny Cowbirds to enter, and the nestboxes had an opening in the roof that allowed researchers to monitor progress of the nest. We checked nest-boxes during the morning (0900 to 1200 hours), because previous study had shown that both House Wrens and Shiny Cowbirds finish laying by 0900 hours. We checked nest-boxes every 1-2 days.
We analysed parasitism that occurred from Day 0 (day the first host egg was laid) to Day 6. We used this criterion becausẽ 70% of all parasitism occurs during this period (Fiorini et al. 2009b) , and we can estimate the intensity of parasitism without the combined effect of nest predation during the incubation period, which can be very high. The sample size for analysis would be smaller if we were to extend the sampling period of parasitism into the incubation period owing to such predation.
In 11 cases, brood parasitism occurred between nest inspections separated by 2 days; in these cases, we estimated the date of parasitism indirectly. In four of these cases we estimated it from the date of hatching of the parasitic egg, assuming an incubation period for Shiny Cowbird eggs of 13 days (Tuero et al. 2007 ). In the other seven cases, we did not know the date of hatching of the parasite egg and assumed that in half of the cases the parasitic egg was laid the day before we visited the nest and in the other half the same day that we visited the nest.
Statistical analyses
We tested statistical differences in the frequency and latency of parasitism between nests with sparse and dense cover using Chisquare and t-tests respectively. We tested differences in parasite intensity using a Mann-Whitney test because this variable did not have a normal distribution, even after transformation (Siegel and Castellan 1988) . Statistical analyses were done with STATISTICA 6.0 (StatSoft 2001). All analyses were two-tailed.
Results
In sites with sparse cover, Wrens occupied 15 of 33 (45.5%) nest-boxes; 13 nests survived to Day 6, and six nests were parasitised during the observation period. In sites with dense cover, Wrens occupied 31 of 55 (56.4%) nest-boxes; 26 nests survived to Day 6, and 13 nests were parasitised during the observation period (Table 1) . We did not find significant differences in frequency of parasitism (6 of 13 v. 13 of 26 nests; c 2 = 0.05, P = 0.82; Fig. 1a ) or intensity of parasitism (U = 38, P = 0.93, n = 19; Fig. 1b ) between nests in sites with sparse or dense cover, but sites with sparse cover were parasitised more quickly than sites with dense cover (t 17 = -2.71, P = 0.01; Fig. 1c ).
There was no significant difference in initiation of clutches by Wrens: in sites of sparse cover, laying started between 20 October and 26 December whereas in sites of dense cover laying started between 17 October and 20 December (for Julian day of laying: t (1,37) = 0.94, P = 0.34).
Discussion
Our results provide partial support for the nest-concealment hypothesis. Our results show that the latency of parasitism by Shiny Cowbird in nests of House Wrens was affected by percentage canopy cover: sites with sparse cover, which are more conspicuous nests with low levels of vegetative concealment, were parasitised sooner than nests with denser canopy cover and that are better concealed. However, vegetative cover did not influence the frequency or intensity of parasitism. Previous studies on the role of nest concealment in brood parasitism by Brown-headed Cowbirds found a negative relationship between the frequency of parasitism and nest cover (Brittingham and Temple 1996; Larison et al. 1998; Clarke et al. 2001; Saunders et al. 2003; Sharp and Kus 2006) . Sharp and Kus (2006) also found that conspicuous nests of Bell's Vireos (Vireo bellii pusillus) had a higher frequency of parasitism than concealed nests with high microhabitat cover. Sharp and Kus (2006) suggested that high microhabitat cover may have concealed the movements of hosts near the nest, thus reducing the chance of nest detection by searching Cowbirds. In contrast, other studies did not find a relationship between intensity of parasitism by Brown-headed (Mclaren and Sealy 2003) and Shiny (Svagelj et al. 2009 ) Cowbirds and vegetation cover. Svagelj et al. (2009) proposed that the lack of a correlation between concealment and parasitism in some studies could be explained by differences in density of Cowbirds. On this (Wiley 1988) . A more open canopy would potentially give Shiny Cowbirds a clearer view of the activity of hosts, and thus increasing the likelihood of finding host nests. However, Shiny Cowbirds can also locate host nests by systematic searching (Kattan 1997; Svagelj et al. 2003; Fiorini and Reboreda 2006) , which could explain the absence of differences in frequency and intensity of parasitism between nests with high and low percentage canopy cover. Lack of differences in frequency and intensity of parasitism between sites of low and high levels of concealment may also result if Wrens that nest in sites with low levels of concealment compensate for this by providing more parental care. However, we did not find an association between nest attentiveness and nest cover (V. D. Fiorini, unpubl. data) .
House Wrens have a modal clutch size of five eggs and they start incubation with the laying of the penultimate egg (Tuero et al. 2007 ), equivalent to Day 3 of our analysis. When parasitism is synchronised with host laying (i.e. it occurs before the onset of incubation), Shiny Cowbird chicks hatch 2-3 days before the host chicks (Tuero et al. 2007 ). This early hatching by Cowbirds reduces the hatching success of House Wren eggs bỹ 25% (from 0.97 to 0.73) and the fledging success of House Wren chicks by~50% (from 0.8 to 0.42) (Tuero et al. 2007 ). On the contrary, when Shiny Cowbird eggs are laid 2-3 days after the start of incubation, they do not reduce hatching and fledging success of House Wren eggs and chicks (Tuero et al. 2007 ). Our results show that when House Wrens nest in nestboxes placed in well-concealed sites (sites of high canopy cover), some parasitism occurs after the onset of incubation (Days 4-6), whereas when they used nest-boxes in less well-concealed sites (low canopy cover), all parasitism occurred before the onset of incubation. Therefore, it is likely that the use of nest-boxes at well-concealed sites increases the reproductive success of House Wrens. Because woodland degradation is generally associated with lower levels of vegetative cover, our results suggest that host species nesting in degraded woodlands may suffer more from parasitism than those nesting in protected woodlands with intact and denser canopy cover.
